INTRODUCTION
I t is challenging to establish a diagnosis of late-onset male hypogonadism; the symptoms are non-specific, and most of them can be related to advanced age or other hormonal conditions. Since there are no clinical pathognomonic parameters, the diagnosis of late-onset hypogonadism depends on the presence of clinical symptoms associated with a reduction in the plasma levels of androgens (1) . Even so, the biochemical definition of hypotestosteronemia in elderly piratory and hepatic diseases, inflammatory conditions, and severe diseases. In addition, several drugs are able to reduce the serum levels of testosterone, such as estrogens, GnRH agonists and antagonists, opioids, thiazides, psychotropic agents and amiodarone (3) . Many other conditions and drugs can also influence the levels of SHBG and change the levels of total testosterone. The agents and conditions that increase SHBG levels are estrogens, anticonvulsants, hyperthyroidism, hepatic diseases, GH deficiency and HIV infection. The agents that reduce the levels of SHBG are androgens, glucocorticoids, progestins, hypothyroidism, GH excess and nephrotic syndrome (1) .
With the challenge represented by the diagnosis of late-onset male hypogonadism (andropause), the present study has as its objective the evaluation of which factors influence hormonal levels required for its diagnosis.
SUBJECTS AND METhODS
Two hundred and sixteen patients from the Male Osteoporosis Detection Program from the Instituto Nacional de Traumato-Ortopedia (INTO), conducted by the Health Ministry, were evaluated at the Andrology outpatient clinic of Hospital da Lagoa. The INTO program was created to evaluate the prevalence of osteoporosis in men over 50 years old in Rio de Janeiro. About 800 men independently contacted this program up to January 2005, after announcements on the radio, television and in newspapers offering a free bone mass evaluation for men above 50 years of age. All the men who contacted the program had a lumbar spine and hip bone densitometry performed.
Men diagnosed with osteoporosis (132 of the 800) were later on called by telephone, telegram, and/or letter to come in for a further evaluation of their sexual hormones at the Andrology outpatient clinic of Hospital da Lagoa, as part of the investigation for causes of osteoporosis. One hundred and ten (110) of the 132 men with osteoporosis went to Hospital da Lagoa. For almost every man with osteoporosis who came to the hospital, another patient with a normal densitometry, paired by age and race, was chosen from the list of men who took part in the INTO program, totaling 106 patients with normal bone density. All 216 subjects were then divided in the following age groups: 50-59 years (n=30.15 with osteoporosis and 15 with normal bone density), 60-69 years (n=96.48 with osteoporosis and men has not been established yet. A total testosterone (TT) level of >320 ng/dl (11.1 nM) is considered normal, and TT <200 ng/dl (6.9 nM) is diagnostic of hypogonadism, but controversy exists in the TT range between 320 and 200 ng/dl (6.9 -11.1 nM) (2) . These laboratory-established ranges are related to all adult men, and they do not take into consideration the interval variation among age groups. Furthermore, there is no indication of the average or median levels for a specific age or ethnic group (2) .
Several clinical, analytical and pre-analytical factors should be taken into consideration when appraising the plasma testosterone level. The serum level of testosterone has a circadian variation, with higher levels in the morning and lower levels at night. The variation in the testosterone level can reach 50% under the peak; therefore, blood for measuring testosterone levels should be collected between eight and ten in the morning (3) .
Testosterone circulates through the plasma in three forms: free testosterone (FT, 2-3% of the total), testosterone bound to sex hormone-binding protein (SHBG) (60-70%), and testosterone bound to albumin (30-40%) . SHBG strongly and stably binds with testosterone, while the interaction with albumin is significantly weaker (4) . Thus, only the free testosterone and that bound to albumin are able to bind to the testosterone receptor, with the sum of these forms considered bioavailable testosterone (BT).
With aging, the SHBG levels rise and as a consequence the total testosterone levels remain stable or slightly elevated, while the free and bioavailable testosterone levels drop sharply. For this reason, the gold standard for the clinical diagnosis of hypogonadism is establishing two values of FT <6.5 ng/dl obtained with a minimum interval of one month (3). The FT represents a very small portion of total testosterone, and a precise and accurate method is needed for its adequate measurement. The measurement of free testosterone levels by radioimmunoassay, a widely available method, is not trustworthy. The measurement of FT by equilibrium dialysis is considered reliable; however, it is a complex and cumbersome technique that is available only in research centers and not in clinical laboratories. Thus, FT should be obtained by equilibrium dialysis or by a method with equivalent efficacy such as Vermeulen's formula, which is performed by calculating FT and BT from the measured TT, SHBG and albumin.
Several different conditions can influence the serum levels of testosterone including renal, cardiac, res-
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Clapauch et al. At the Andrology clinic of Hospital da Lagoa the survey was explained, and written informed consent was obtained, according to the protocol approved by the Ethics Committee. A medical exam, including questionnaires focusing on changes of the sexual steroids, was conducted. A general physical exam was performed, including the genitals but excluding a rectal prostate exam. For the clinical diagnosis of andropause the results of these questionnaires and the spontaneous complaints presented by the patients, as well as the findings of the physical exam, were all considered.
hormonal dosages
At the patient's first visit to Hospital da Lagoa, a blood collection was scheduled to be performed at the laboratory of the Instituto Fernandes Figueira between 8:30 and 10:00 in the morning. General laboratory exams were performed, including albumin levels. A portion of the collected blood sample was separated and taken to the Diagnósticos da América Laboratory, where tests for the levels of total testosterone (TT) and SHBG were performed. With these values, the calculated free testosterone (cFT) and calculated bioavailable testosterone (cBT) were obtained through the website www.issam. ch/freetesto.htm , according to Vermeulen`s formula:
Where N= 1+ KA* [A], [T] = total concentration of serum testosterone (mol/l), [SHBG] = serum concentration of sexual hormone binding globulin (mol/l), [A]= serum concentration of albumin (mol/l), KSHBG = affinity constant of testosterone for SHBG = 1 x 109 mol/l, and KA = affinity constant of testosterone for albumin = 3.6 x 104 mol/l. At the second visit, the patient was informed about the result of the exams. If the values of cFT were <6.5 ng/ dl or those of cBT were <140 ng/dl, a second blood collection was scheduled with an interval of at least one month from the first exam. The levels of total testosterone and SHBG were again determined by the Diagnósticos da America Laboratory in order to recalculate the bioavaila-ble and free testosterone. The follicle-stimulating hormone (FSH), lutenizing hormone (LH) and prolactin levels were determined at the Instituto Fernandes Figueira to exclude secondary causes of hypogonadism.
The total testosterone was measured by chemiluminescence using an automated Advia Centaur kit (Bayer Diagnostics) with an analytical sensitivity of 100 ng/dl (reference value in men ranges from 241 to 827 ng/dl). SHBG was also determined using a chemiluminescence kit (Immulite 1000; Siemens) with an analytical sensitivity of 0.2 nmol/l (reference value in men ranges from 13 to 71 nmol/l). Albumin was determined using a colorimetric spectrophotometry kit (Targa BT Plus; Wiener Lab.) with reference values of 3.5-5.5 g/dl. The levels of FSH, LH and prolactin were measured using a chemiluminescence kit (VIDAS; Biolab Merieux). The reference values used in men were: FSH (0.9-15 UI/l), LH (1.3-13 UI/l), and prolactin (<15 ng/ml).
The gold standard for the laboratorial diagnosis of late-onset male hypogonadism was defined as a patient having two values of cFT <6.5 ng/dl obtained according to the Vermeulen formula, with a minimum interval between measurements of one month (3). Using these limits, less than 1% of healthy men between 20 and 40 years old and more than 20% of men over 60 years old would have subnormal levels of testosterone (3) .
We evaluated the influence of various factors on the values used for diagnosis of the late-onset male hypogonadism such as age, BMI (body mass index -in kg/ m 2 ), smoking, depression, hypothyroidism, and use of corticoids, thiazides, and finasteride at the time that the hormonal levels were determined, as well as the time of year that the tests were performed. Bonferroni's Multiple Comparison Test was used to determine whether differences were statistically significant, with a significant level set at p <0.05.
RESUlTS
There were no cases of hyperprolactinemia or abnormal FSH and LH dosages, suggestive of causes of hypogonadism other than andropause in the patients we evaluated.
Factors that influence the hormonal levels

Age
There was a significant difference (p=0.0051) between the average values of TT in patients <60 years old ver-
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Clapauch et al. copyright © ABE&M todos os direitos reservados sus those ≥ 70 years old (p <0.01), but, when this comparison was performed among the three age groups (50-59; 60-69; >70 years) there was not a significant difference (Graph 1A).
In the same manner, a significant difference (p = 0.0003) was evident only in the average values of calculated FT obtained for patients <60 years old versus those ≥ 70 years old (p <0.001) (Graph 1B).
For the BT, a significant difference (p <0.001) in the average values was obtained among the three age groups (Graph 1C).
Graph 1C. Variation in the cBT values by age group.
There was no significant difference (p=0.4234) in the average values of SHBG among the evaluated age groups.
Finasteride
In comparing patients using Finasteride (n=3) or not, a significant difference was observed for the values of TT (p = 0.0468) and cFT (p=0.0454), but not BT (p = 0.1061) or SHBG (p=0.8489) (Graphs 2A and B).
Other analyzed factors
The other factors that were analyzed (e.g., smoking, time of year when the tests were performed, depression, hypothyroidism, protein consumption, and use of corticoids or thiazides at the time of the testing) did not interfere in a significant way with the hormonal dosages used.
Current smokers (n=25) showed no difference in TT, cFT or BT in relation to non smokers (n=191, p=0.64; 0.12 and 0.79 respectively). In the same way, no significant difference for these dosages was demonstrated for patients with depression (n=7, p=0.38; 0.1 and 
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Factors that maske the laboratorial diagnosis of hypogonadism
At the first blood test, 57 men (27% of the total sample) showed calculated FT <6.5 ng/dl. Laboratorial hypogonadism, defined as a patient having two values of calculated FT <6.5 ng/dl obtained according to the Vermeulen formula, was diagnosed in 41 men (19% of the total sample). Therefore almost 30% of the men with a first cFT <6.5 ng/dl did not confirm this level at a second test.
Only 9 of the men with laboratorial hypogonadism (4.2% of the total sample) had TT below the reference range, while 32 men (14.8% of the total sample) had normal TT levels, with calculated FT <6.5 ng/dl on two occasions.
When we looked at the values of TT at the same dosage where FT was <6.5 ng/dl, we observed that 17.8% of the men had TT levels within the reference range and 9.6% of them even had TT above 400 ng/dL. That was particularly important for men ≥70 years old: 23.5% of them had normal TT levels and 13.8% had TT above 400 ng/dl, in spite of cFT being <6.5ng/dl.
In relation to the BMI, 38.9% of the obese patients with TT >241 ng/dl showed two measurements of cFT that were <6.5 ng/dl, as compared to 17.3% of the patients with BMI between 25 and 30. Even for TT levels >400 ng/dl, 25% of the patients with BMI >30 had demonstrated hypogonadism, while this percentage for those who were overweight was 7.5% (Tables 1A and B ). 
DISCUSSION
We observed a significant influence of age on the dosages of TT and cBT; however, this influence was greater on the cBT. Our analysis correlates well with the literature, which affirms that, for each year after 40 years of age, there is a reduction of 1.2% of the circulatory levels of cFT and 1% of testosterone levels bound to albumin (5, 6) . The TT levels remain stable up to 50 to 55 years of age; above that, the TT levels also began to lower at a rate of 0.4% (6) to 0.85% per year (7) . This reduction is approximately 35% between 25 and 75 years old, meaning that the average TT values for men 75 years of age are approximately 65% of those found in young men (8) . Although the reduction in the TT levels in healthy adult men remains controversial, there is a consensus that the FT and the testosterone bound to albumin, which combined represent the BT, are reduced by 50% to 60% between the ages of 25 and 75 years (8, 9) . Therefore, it is important to emphasize that the TT is not a good marker for the influence of age in the reduction of its serum levels, while cBT was demonstrated to be more sensitive in showing this reduction. Thus, cBT is likely to be a better marker for the laboratory diagnosis of hypogonadism. This decrease in male hormones is without doubt related to aging. As demonstrated in the 300 healthy men aged 20 to 100 years old who were studied by Vermeulen (10) , subnormal levels of TT and cFT were observed in only 1% of the population under 40 years old, while this percentage increased to more than 10%, 20%, and 40% in those 40 to 60 years old, 60 to 80 years old, and over 80 years old, respectively. This decline in higher levels of cFT as compared to TT could be due to the age-dependent increase in the serum concentration of SHBG (10) . In our sample, however, we did not find any significant difference in the SHBG in regards to age, as opposed to what has been shown previously (4) (5) (6) (7) .
Finasteride is an inhibitor of 5-α-reductase, the enzyme that is responsible for the conversion of testosterone to dihydrotestosterone (DHT), and it is used for the treatment of alopecia and prostatic pathologies. By inhibiting DHT synthesis, there is a discrete elevation of LH and testosterone levels (11) . However, this treatment reduces the androgenic effects on the tissues that are highly dependent on the local production of DHT, resulting in mild signs and symptoms of hypogonadism (12) . The results obtained in our study support those available in the literature on hormonal treatments for prostate cancer and benign prostate hyperplasia. We observed a significant influence of Finasteride on the serum levels of TT and cFT; however, the levels of cBT and SHBG did not have any significant changes. Again, we noted that the dosage of cBT proved to be more reliable for the laboratory diagnosis of hypogonadism for men using Finasteride, as its levels were not affected by the use of this medication, thus avoiding false negative results for hypogonadism. Despite these results, the number of patients using Finasteride in our sample was very small (n=3), so we are not allowed to conclude that the use of this medication interferes with the laboratorial diagnosis of late onset hypogonadism. The use of Finasteride by athletes in competitions is prohibited by the World Anti-Doping Agency, not because it enhances athletic performance, but because it confounds the evaluation of steroid profiles in sports drug testing. Likewise, Finasteride could mask the laboratorial diagnosis of andropause. Further studies are necessary, with larger numbers of patients using Finasteride, to confirm this finding.
The analysis of other factors, such as smoking, depression, hypothyroidism, the use of corticoids or thiazides at the time of testing, period of the year that the tests were performed (i.e., considering the months between May and August to be "cold" months and the others to be "hot"), and the patient's daily protein consumption, revealed that none of these factors significantly influenced the hormone levels. These results are not totally in agreement with those in the literature; there is some evidence that, in adult men of all ages, the serum levels of TT and cFT are 5% to 15% higher in current smokers as compared to non-smokers (7, (13) (14) (15) (16) . Other studies have also demonstrated a positive association between the levels of TT and cFT and smoking (17) (18) (19) (20) (21) . Besides the suggestion that smoking seems to reduce the risk of hypogonadism, this association has so far not been significant. It was also shown that a reduction in smoking during the follow-up of the patients increased the risk of hypogonadism, at least when this was defined by the levels of TT (7) .
The association between depression and changes in the hormonal levels is described in studies, showing a significant inverse relationship between the BDI (Beck Depression Inventory) score, which evaluates the presence of depression and cBT levels, which was independent of age, changes in body weight and physical activity (20) . The serum levels of cBT were 17% lower for the men with depression when compared to the le- (21, 22) have shown that hypogonadal patients had significantly higher depression-related scores than those with normal gonadal function; furthermore, with androgenic treatment, there was a significant improvement in these scores. These results suggest that the administration of testosterone may improve depression in elderly men who present low levels of cBT. Further clinical studies are necessary to test this hypothesis.
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Thyroid function is known to influence the serum levels of testosterone; thus, hyperthyroidism increases, and hypothyroidism reduces, the levels of SHBG and TT (11) .
There exists evidence in the literature that many medications and drugs can cause primary or peripheral adverse effects on testicular function (11, 23) . Among these drugs, glucocorticoids, stand out (24) inducing the reduction of cFT by combined actions both at the testicular and at the hypothalamic-pituitary level, being these adverse effects in the production of testosterone dose dependent (25) (26) (27) (28) .
The disagreement between our data and the literature can be related to the small numbers of current smoking patients (n=25), those who had depression (n=7) or hypothyroidism (n=3), or those who were currently using corticoids (n=6) or thiazides (n=33) in our sample.
Regarding the period of the year the tests were performed, studies have shown that serum levels of TT vary with amplitude levels of greater than 30%, reaching maximum amplitude around October through December in countries in the North hemisphere with greater inter-season thermal variation (29) (30) (31) . Other studies have shown that there is no significant variation in the maximum levels in summer vs. winter (30, 32) . A large interindividual difference was also demonstrated, when the study was designed to avoid the influence of the seasonal variations (33) . Our weather does not vary greatly as compared to the countries where the previous studies were performed (USA and European countries); for this reason, it should not have significantly influenced the measurement of hormone levels.
Regarding the daily protein consumption, it has been suggested that diets rich in fibers are associated with higher levels of SHBG and TT as compared to Western diets (34) (35) (36) (37) (38) , without any significant differences in the cFT levels (36) . In the Massachusetts Male Aging Study (MMAS), the daily protein and fiber consumption were determinant and independent factors, negative and positive, respectively, of the serum levels of SHBG, while the total caloric, fat or carbohydrate consumption did not significantly contribute. Thus, low-protein diets in elderly men might increase the SHBG levels and, consequently, decrease the biological activity of testosterone (39) . In other words, the inverse relationship between the consumption of proteins and the serum levels of SHBG suggest that, in elderly men, a high-protein diet could increase the cBT level and minimize the effects of the reduction of this hormone related to age. Intervention studies are necessary to investigate this hypothesis. We did not observe a significant influence of protein consumption on the hormonal levels, which might be a consequence of the low average daily protein consumption of the evaluated men (158 ± 82 g of food in the meat group/day).
Finally, it is known that the BMI is an important negative determinant of the serum levels of TT, mainly due to its effects on SHBG levels (40) . While in young and middle-aged men level I obesity (BMI ≥ 30 and ≤ 35 kg/m 2 ) affects mainly the SHBG and TT levels, obesity levels II and III (BMI ≥ 35 kg/m 2 and BMI ≥ 40 kg/m 2 , respectively) and the accumulation of visceral fat, in particular, also affect the cFT levels (41) (42) (43) . We observed in our analysis that, among the patients 70 years of age or older, as well as among those who had a BMI ≥ 30 kg/m 2 , a significant number of false negatives could exist in the diagnosis of late-onset male hypogonadism. This would occur if the tests were based only on TT levels because a significant percentage of these patients, even those with normal levels of TT [TT >241 ng/dl (lower range of the kit's normal values), TT >300 ng/dl, or even TT >400 ng/dl], exhibited cFT levels <6.5 ng/dl in at least two different tests spaced by at least one month. This is considered the gold standard for the laboratory diagnosis of hypogonadism (44, 45) . In this manner, the importance of measuring the levels of SHBG and albumin to diagnose hypogonadism in patients 70 years of age or older is clear, as it is also for men of any age with a BMI ≥ 30 kg/m 2 ; once these conditions can develop with normal levels of TT in the occurrence of low levels of cFT, masking the laboratorial diagnosis of hypogonadism (44, 45) .
CONClUSION
Based on the results of the present work we can conclude that, following the gold standard criteria for laboratorial diagnosis, late-onset hypogonadism was present in 19% of our sample. If we had based our laboratory diagnosis only on TT levels, we would have diagnosed only 4% of the men and missed almost 15% of the total sample. If we had based our diagnosis on cFT from only one blood test, we would have overdiagnosed 8% of the men in the sample.
The TT values in our study varied significantly based on age and BMI. The level of SHBG is especially important in calculating FT in patients 70 years of age or older and also for those patients with BMI ≥ 30 kg/ m 2 . A patient in either of these categories will be more likely to have increased levels of SHBG, which can produce normal levels of TT with low levels of cFT, masking the diagnosis of hypogonadism.
Calculated BT proved to be the best marker for the laboratory diagnosis of hypogonadism. It was more sensitive to the influence of age, more specific for the diagnosis, and its levels were not affected by the use of Finasteride.
Further studies are necessary to confirm our findings that Finasteride can mask the laboratorial diagnosis of late-onset hypogonadism. 
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